Creutzfeldt-Jakob disease (CJD) is a diffuse degeneration of the central nervous system usually occurring in middle age and fatal within two years. Clinical variations are numerous, but the most common picture includes severe mental deterioration, rigidity of muscles and myoclonic jerks. Neuropathological alterations, are widespread and variable, but are confined to the cortical and subcortical grey matter. The white matter is considered never to be a main site of pathology, although demyelination or myelin pallor of the white matter has been described infrequently in some reported cases1 2; such involvement has been interpreted as secondary to neuronal disintegration. 3 The eight necropsy cases of CJD described here showed severe and extensive degeneration of the cerebral white matter which could not be explained simply as secondary to cortical deterioration.4 Such cases with prominent lesions of white matter have not so far been described from western countries. This severe involvement of the white as well as the grey matter explains the marked decrease in brain weight, which was usually below Gait athetoid movements were found in cases 1, 5 and 6. disease.
The main psychic disturbance was progressive de- (fig 1) . The duration of the terminal stage varied, from 3 months to 1-5 years. The extremities gradually developed paraplegia or tetraplegia in flexion or extension. Muscular rigidity more or less continued to the time of death, but in cases 3, 5 and 6 it gradually changed to flaccidity. After akinetic mutism and generalised posture flexion appeared, the course became rather stationary. Nasogastric tube feeding inevitably was necessary. Various intercurrent infections developed in association with difficulty of swallowing, incontinence of urine and decubitus, and death occurred, as a rule, with an intercurrent illness in a cachectic state. Although cases 7 and 8 experienced a long illness, particularly in the intermediate stage, their clinical picture was essentially identical to that of the other cases.
Laboratory findings
Periodic synchronous discharge on EEG was recorded in all cases, during the stage of myoclonic jerks. No significant findings were found in the blood and cerebrospinal fluid. In cases 2 and 4, examination of the urine and hair for heavy metals, such as lead and mercury, showed no pathological values.
Neuropathological findings
The brain weight ranged from 1200 g to 760 g. Both cerebrum and cerebellum showed moderate to conspicuous atrophy, particularly in the cases with the brain weight below 1000 g. The ventricles were dilated symmetrically and bilaterally to various degrees. The cerebral cortex, except for the hippocampal formation and amygdala, was extremely thin, and showed laminar tissue disruptions. Cerebral atrophy was more marked in the frontal, temporal and occipital lobes and in the lateral convexity than in the central region and the medial surface. The cerebral white matter was soft and swollen but no obvious cystic formation was seen. The striatum and thalamus were also atrophic. The cerebellum showed generalised and severe cortical atrophy. There were no remarkable findings in other viscera, except for occasional bronchopneumonia and central fatty infiltration of the liver.
Microscopic findings
The cerebral cortex showed widespread severe cortical lesions in both hemispheres of all cases, summarised as follows:
(1) The cortical changes were, as a rule, extensive and severe involving almost all cerebral gyri in variable degrees (figs 2a, 3a, 3c and 4a). They were particularly pronounced in the depths and walls of the sulci, affecting all layers except for the molecular (figs 2a and 9) and consisted of severe loss of nerve cells, conspicuous proliferation of hypertrophic or (fig 3b) . Abundant fat droplets were observed not only in the phagocytic cells exclusively of a fixed type, but also in the hypertrophic astrocytes. Proliferation of hypertrophic and gemistocytic astrocytes was less pronounced than that in the cortex, but fibrillary gliosis was never encountered.
In most cases, the severity of both cortical and white matter degeneration was almost equal (fig 9) . It must be emphasised also that, apart from this diffuse lesion, sharply-defined spongy foci were found preferentially in the subcortical white matter of the gyral crowns, where U-fibres or the deeper cortical layers or both were usually spared, (figs 3a, 3c and 4a). A large number of fat droplets were phagocytosed by activated microglial and/or gitter cells (fig 4b) , while dark shrunken, presumably astrocytic, nuclei were rarely in these foci. A great majority of these foci were represented only by the empty spaces. A conspicuous proliferation of astrocytes, many of which were gemistocytic, was found in the foci from which both myelin sheaths and axons had disappeared almost completely. In case 8, such foci and also coarse spongy cavities occurred in the subcortical white matter and in the dorsal portion of the internal capsule (figs 3c and 3d). Similar spongy foci were found in the lateral columns of the spinal cord in case 6 (fig 7) which will be described later. Basal ganglia and thalamus (1) The caudate nucleus, putamen and claustrum showed identical alterations to the cortical deterioration mentioned above (fig 3a) . The globus pallidus, on the other hand, usually showed no outstanding alterations, although a diffuse pallor and proliferation of glial nuclei occurred (fig 3a) .
(2) In all cases, the thalamic subnuclei were damaged bilaterally. Although the severity of the lesions in each subnucleus varied from case to case, both the formatio medialis and dorsal portions of the nucleus dorsalis anterior and posterior were the commonest sites (fig 9) and particularly in cases 7 and 8. Although identical to the cortical alterations, neuronal loss was less severe (figs 3a and 3c) and a very few Kuru plaques were found (fig Sb). The pulvinar thalami disclosed similar but milder degeneration. Other subnuclei were less severely involved or not damaged, although astrocytosis was diffuse. The cerebellar changes of similar quality and quantity were consistent in all eight cases.
(1) The granular layer was most susceptible and the granule cells were severely disintegrated with pronounced spongy tissue loosening and proliferation of 108 hypertrophic astrocytes (fig 6b) . These changes were disrupted as well. The Purkinje cells, on the other exceedingly widespread and bilaterally symmetrical hand, were rather well preserved and the proliferation in almost all folia of paleocerebellum and neocere-of the Bergmann's glial nuclei was equivocal (fig 6b) . bellum (figs 6a and 8a). The crowns of the folia were The axonal torpedos of Purkinje cells were found fremore affected than the depths. Both isomorphic and quently (fig 6c) . The molecular layer disclosed a subanisomorphic gliosis with slender-calibre gliofibres pial and laminar rarefaction, particularly severe in occurred rarely in the molecular and granular layers. cases 6, 7 and 8, but there was no microcavitation The astrocytic proliferation and hypertrophy occurred (fig 6b) . There were many phagocytic cells laden with also in the white matter, predominantly in the sub-neutral fat granules in all cortical layers, predomicortical areas, which were sometimes conspicuously nantly in the molecular layer. The (2) In the dentate nucleus, the nerve cells were well preserved and occasionally developed perineuronal "grumose alteration" (fig 6d) in cases 1, 2, 4 and 6, the details and significance of which have been discussed elsewhere.6-8 Brainstem and spinal cord (1) The brainstem nuclei showed no remarkable changes except in case 7 which will be described later. (2) Degeneration of the corticospinal tracts was found in cases 1, 6 and 7 and was obviously more pronounced at the lumbar level than at the cervical level (fig 7) . In the lateral columns of the lumbar cord in case 6, there occurred sharply demarcated foci of aggregated empty cavities which disclosed a large number of fat droplets phagocytosed by microglial cells and astrocytic proliferation. In these foci, not only axons of small calibre but also of large calibre almost completely disappeared, while in other foci of lateral columns, axons of small calibre still remained. (fig 5a) .
(2) The lateral geniculate bodies in cases 6 and 7 were severely damaged bilaterally. The nerve cells were disintegrated almost completely, the astrocytes proliferated intensely, and the fat granule cell mobilisation was found out. Furthermore, in case 6, both optic tracts were markedly degenerated, and in case 7, the optic radiations of the occipital white matter were severely disrupted and a large number of fat granule cells were mobilised as compared with the less severely affected adjacent white matter.
(3) A marked olivary hypertrophy occurred symmetrically and bilaterally in case 7 (fig 8b) . In myelin sheath preparations, prominent demyelination involved intensely the enlarged inferior olivary nucleus and less intensely the medial paraolivary nucleus as well as the whole areas of the adjacent white matter. Many nerve cells of these nuclei disappeared, while the cytoplasm of the remaining neurons became markedly inflated. Some of them developed intracytoplasmic single or multiple vacuoles (fig 8c) . Thickened dendritic processes of the remaining nerve 'ells and III group.bmj.com on June 21, 2017 -Published by http://jnnp.bmj.com/ Downloaded from tangles of argyrophilic fibres around the nerve cell were observed (figs 8c and 8d). Many bizarre and giant astrocytes with single or multiple nuclei were seen (fig 8e) . The central tegmental tracts at the pontine level disclosed no particular changes. Nerve cells of the dentate nucleus and less obviously those of other deep cerebellar nuclei were bilaterally disintegrated to a slight to moderate degree accompanied by marked astrocytosis. The comparatively well defined demyelination developed in the white matter symmetrically and bilaterally along the lateral border of the dentate and emboliform nuclei (fig 8a) , in which large number of gitter cells were mobilised. This became more pronounced in the ventral portion of the dentate nucleus and was continuous into the restiform body. The pallor of the myelin was also visible in the hilus closely adjacent to the dentate nucleus. The brachium conjunctivum was not involved.
(4) In case 7, only one typical Kuru plaque was found in the formatio medialis of the thalamus, in only one section (fig 5b) .
Discussion
The term CJD is used nowadays in a wider sense than in the days of Creutzfeldt9 and Jakob's'0 original descriptions. Particularly since transmission of subacute spongiform encephalopathy (SSE) and Kuru to experimental animals has succeeded," SSE has become almost synonymous with CJD. From the clinicopathological point of view, however, so-called classical CJD, based on the original cases reported by Creutzfeldt9 and Jakob,'0 could not be considered to be entirely identical with SSE,"" although it is apparent that both conditions share several common clinical and pathological features.5 14 It therefore seems to us that CJD now includes a wide spectrum with various clinical and pathological features, and the term SSE is representative of only one subtype of CJD.
The disease group presented here came on subacutely in the fifth and the sixth decades, and the total duration of illness ranged within one year in most cases with a rapid downhill course. In two patients (cases 7 and 8) the clinical course was exceptionally protracted for two years and two and a half years, respectively. The clinical picture included various neurological and mental disturbances, the following were found consistently in all eight cases: severe mental deterioration leading to akinetic mutism, paraplegia or tetraplegia in flexion and/or extension, muscular rigidity, myoclonic jerks, gait disturbance and periodic synchronous discharge in the EEG. The cerebellar signs and symptoms, on the other hand, were never a main feature, particularly from intermediate to terminal stage, in contrast to Brownell and Oppenheimer's cases in which cerebellar impairments lasted until death. 15 Pathologically. there was not only severe cerebrocerebellar degeneration with conspicuous astrocytosis without fibrillary gliosis, but also severe white matter degeneration. Cerebello-cortical degeneration of granule cell type occurred without exception. In the less severely affected cerebral cortex and in the hippocampus, astrocytosis predominated, while neuronal loss was less pronounced and inflated nerve cells were scattered in the deeper layers.
The cortical changes in the cerebellum were almost identical to or more severe than those in Brownell and Oppenheimer's cases of the ataxic form of CJD,15 while the severity of the involvement of the cerebral cortex far exceeded that seen in their cases.
The cortical degeneration in the present group strongly suggests that a rapid development of severe destructive process occurred even at the acute stage, because there existed almost complete loss of neurons with marked mobilisation of fat granule cells, irrespective of the different durations of the total clinical course in both acute and protracted cases. It, however, is noticeable that a majority of these cortical lesions were not typical of the clustered grape-like spongy state in SSE. In this regard, it is possible that such atypical changes in SSE are derived from collapsing phenomena of pre-existing status spongiosus."' Masters and Richardson, on the other hand, mentioned that these lesions semed to be comparable with non-specific status spongiosus which may be found in various pathological conditions.'7 It still remains an open question whether the cortical changes in the present group are different in origin from those in SSE or not. Nevertheless, minor neuronal changes in some cortical areas, in spite of diffusely proliferated astrocytes and spongy tissue loosening, do not always allow a clear-cut distinction to be made between the present group and typical SSE.
A great discrepancy between the present group and SSE, however, does exist in that the widespread severe degeneration of the cerebral white matter in the present group has never been encountered in SSE or in other necropsy reports of CJD in western countries. It is true that, although some overlapping process of the secondary degeneration attributed to the severe cortical damage did exist in the white matter, much of it was regarded as primary for the following reasons: (1) The circumscribed spongy foci, occurring not only in the subcortical white matter with preservation of U-fibres but also in the internal capsule (case 8) and the lateral columns of the lumbar cord (case 6), could not be explained as secondary degeneration. (2) The pyramidal tract and the internal capsule themselves were never involved, while the centrum semiovale was severely involved (cases 2, 3, 4, and 5). (3) The pyramidal tract degeneration in cases 1, 6 and 7 was clearly distal in character and could not simply be attributed to secondary degeneration alone. (4) Review of the literature shows cases in which, in spite of severe cortical devastation, the medullary degeneration was mild or even absent.13 [18] [19] [20] These (4) In both groups the onset of obvious dementia, resulting in akinetic mutism in the terminal stage, coincided with the disappearance of cerebellar signs and symptoms. However, mental deterioration in our cases started in the initial stage and ran a progressive course; in the former patients, except for one case,2' organic mental symptoms were not remarkable in the initial stage and dementia became manifest at the later stage. The nature of damage in both the cerebral cortex and the white matter in the former cases suggested that the pathological process developed very slowly and was far less severe in the initial stage than in our cases. (5) The cerebral cortex and the white matter together with the striatum were bilaterally and severely involved at an early stage in our patients, and these changes may have suppressed the clinical manifestations of cerebellar involvement, which were never a dominant feature. In the former cases, it is suggested that the cerebellocortical and striatal involvement were far less severe at the initial stage and did not suppress the clinical manifestation of cerebellar involvement.
The panencephalopathic type of CJD has never been shown in western literature to include CJD with Kuru plaques.26130 The only case worth referring to here was the example reported by Kirschbaum, Each of these findings is unusual in CJD and it is uncertain whether these changes were coincidently combined with CJD or not. However, all the findings listed above were found in one of the three autopsy cases reminiscent of Kuru reported by Krucke et al,28 although the white matter lesions were never found.
Several subtypes of CJD have been separated on clinical neuropathological grounds by many authors,5 14 31-34 but the question of its classification and pathogenesis still seem to be complicated and uncertain. The present group of CJD shares many features with subtypes of CJD already described, but could be distinguished because it was clearly panencephalic, while other subtypes of CJD affect exclusively the grey matter.
